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(54) TRAVEL CONTROL PLAN GENERATION SYSTEM AND COMPUTER PROGRAM

(57) A travel control plan generating system 1 in-
cludes: upper level plan generating means 22a for gen-
erating an upper level plan corresponding to a travel pol-
icy of a vehicle A; lower level plan generating means 22b
for generating a lower level plan, which is a plan for
achieving the upper level plan and includes at least a
travel course; lower level plan obtaining means 16, 30

for obtaining a lower level plan including at least a travel
course of a peripheral vehicle B, C; evaluating means 24
for evaluating the lower level plan of the vehicle A in ac-
cordance with a predetermined index, taking into account
the lower level plan of the peripheral vehicle B, C; and
lower level plan selecting means 26 for selecting a lower
level plan to be executed by the vehicle A on the basis
of an evaluation performed by the evaluating means 24.
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Description

Technical Field

[0001] The present invention relates to a travel control
plan generating system and a computer program for gen-
erating a travel control plan for an automatically driven
vehicle.

Background Art

[0002] Japanese Unexamined Patent Application No.
2004-182149, for example, discloses an apparatus for
controlling automatic driving of a vehicle. In this appara-
tus, a target deceleration is determined on the basis of
a relative speed and a relative distance of a home vehicle
to an obstacle ahead, and a braking force is controlled
automatically such that an actual deceleration matches
the target deceleration.

Disclosure of the Invention

[0003] However, in the conventional apparatus de-
scribed above, the control policy of the home vehicle is
determined from the relative speed and relative distance
to a peripheral vehicle, i.e. state parameters of the home
vehicle at a certain moment, and therefore the home ve-
hicle can only respond to variation in the conditions (ac-
celeration/deceleration, lateral position, and so on) of the
peripheral vehicle after the variation has actually oc-
curred. As a result, so-called consequential control is per-
formed. Hence, it is difficult to respond to condition var-
iation with sufficient leeway and the response in such
cases is limited, and therefore, depending on the re-
sponse, control that contravenes the travel policy of the
home vehicle in terms of comfort and fuel efficiency may
be performed.
[0004] The present invention has been designed in
consideration of the circumstances described above, and
provides a travel control plan generating system and a
computer program capable of responding flexibly to var-
iation in the conditions of a peripheral environment while
satisfying a travel policy of a home vehicle.
[0005] A travel control plan generating system accord-
ing to the present invention includes: upper level plan
generating means for generating an upper level plan cor-
responding to a travel policy of a vehicle; lower level plan
generating means for generating a lower level plan,
which is a plan for achieving the upper level plan and
includes at least a travel course; lower level plan obtain-
ing means for obtaining a lower level plan including at
least a travel course of a peripheral vehicle of the vehicle;
evaluating means for evaluating the lower level plan of
the vehicle in accordance with a predetermined index,
taking into account the lower level plan of the peripheral
vehicle; and lower level plan selecting means for select-
ing a lower level plan to be executed by the vehicle on
the basis of an evaluation performed by the evaluating

means.
[0006] In this system, an upper level plan correspond-
ing to the travel policy of the vehicle can be generated,
and a lower level plan for achieving the upper level plan
can be generated. The lower level plan includes at least
a travel course, and the lower level plan of the vehicle
can be evaluated taking into account the lower level plan
of the peripheral vehicle, whereby the lower level plan to
be executed can be selected in accordance with the eval-
uation. By stratifying a travel control plan into an upper
level plan and a lower level plan in this manner, variation
in the conditions of the peripheral environment can be
responded to flexibly by means of the lower level plan
while satisfying the travel policy by means of the upper
level plan. Furthermore, the lower level plan can be se-
lected on the basis of an evaluation performed in accord-
ance with a predetermined index (for example, safety,
comfort, environmental considerations (based on fuel ef-
ficiency and the like), and so on), and therefore the ve-
hicle can be controlled on the basis of an appropriate
plan corresponding to predetermined conditions.
[0007] The lower level plan generating means may
generate plurality of lower level plans for the vehicle, and
the lower level plan selecting means may select the lower
level plan to be executed from the plurality of lower level
plans on the basis of the evaluation performed by the
evaluating means. Thus, the vehicle can be controlled
on the basis of an appropriate plan corresponding to pre-
determined conditions.
[0008] The upper level plan generating means may re-
generate the upper level plan when the lower level plan
cannot be generated. Further, the upper level plan gen-
erating means may regenerate the upper level plan in
accordance with the evaluation performed by the evalu-
ating means. Hence, when a lower level plan cannot be
generated or the predetermined index cannot be satisfied
sufficiently, the upper level plan can be reconsidered.
[0009] The lower level plan generating means may in-
clude inferring means for inferring the lower level plan of
the peripheral vehicle on the basis of a behavior of the
peripheral vehicle, and the lower level plan of the periph-
eral vehicle may be obtained from an inference by the
inferring means. Thus, a lower level plan of a peripheral
vehicle not having communicating means or a peripheral
vehicle (for example, a manually driven vehicle) not hav-
ing a travel control plan can be obtained.
[0010] The lower level plan obtaining means may in-
clude communicating means for communicating with the
peripheral vehicle, and the lower level plan of the periph-
eral vehicle may be obtained through communication
performed by the communicating means. Thus, the lower
level plan of an automatically driven vehicle serving as
a peripheral vehicle having a travel control plan and the
lower level plan of a peripheral vehicle of the automati-
cally driven vehicle, which is inferred in the automatically
driven vehicle, can be obtained through communication.
[0011] The evaluating means may evaluate the lower
level plan of the vehicle taking into account a reliability
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of the lower level plan of the peripheral vehicle. The lower
level plan of the peripheral vehicle is generated by an
automatically driven vehicle and inferred in relation to a
manually driven vehicle, and therefore the respective re-
liability levels of the lower level plans are different. Hence,
by taking reliability into consideration while evaluating
the lower level plan of the vehicle, the vehicle can be
subjected to travel control on the basis of a more appro-
priate plan.
[0012] The reliability of a lower level plan obtained from
the inferring means may be set lower than the reliability
of a lower level plan of an automatically driven vehicle
obtained from the communicating means. Thus, in a traf-
fic environment where a manually driven vehicle and an
automatically driven vehicle coexist, the vehicle can be
subjected to travel control on the basis of a more appro-
priate plan.
[0013] The lower level plan may include a speed pat-
tern of the vehicle. Thus, longitudinal direction control
corresponding to the speed pattern can be set as a con-
trol target in addition to lateral direction control corre-
sponding to the travel course.
[0014] A computer program according to the present
invention causes a computer to execute: an upper level
plan generating step for generating an upper level plan
corresponding to a travel policy of a vehicle; a lower level
plan generating step for generating a lower level plan,
which is a plan for achieving the upper level plan and
includes at least a travel course; a lower level plan ob-
taining step for obtaining a lower level plan including at
least a travel course of a peripheral vehicle of the vehicle;
an evaluating step for evaluating the lower level plan of
the vehicle in accordance with a predetermined index,
taking into account the lower level plan of the peripheral
vehicle; and a lower level plan selecting step for selecting
a lower level plan to be executed by the vehicle on the
basis of an evaluation performed in the evaluating step.
According to this computer program, the computer can
be caused to function as a travel control plan generating
system that can respond flexibly to variation in the con-
ditions of a peripheral environment while satisfying a trav-
el policy of a home vehicle.

Brief Description of the Drawings

[0015]

Fig. 1 is a block diagram showing the constitution of
an automatically driven vehicle A installed with a
travel control plan generating system according to
an embodiment;
Fig, 2 is a view showing a flow of multi-layer travel
control plan generation;
Fig, 3 is a view showing positional relationships be-
tween a vehicle A and peripheral vehicles B, C;
Fig. 4 is a view showing a lower level plan of the
peripheral vehicle B and a behavior prediction (lower
level plan) of the vehicle C;

Fig. 5 is a flowchart of lower level plan generation
when a lane change is planned;
Fig. 6 is a view illustrating evaluation and selection
of a lower level plan of the vehicle A;
Fig. 7 is a block diagram showing a modified example
of the constitution of the automatically driven vehicle
A installed with the travel control plan generating sys-
tem; and
Fig. 8 is a view illustrating optimum control during
vehicle convergence.

Best Modes for Carrying Out the Invention

[0016] An embodiment of the present invention will be
described below with reference to the attached drawings.
Note that in the description of the drawings, identical el-
ements have been allocated identical reference symbols
and duplicate description thereof has been omitted.
[0017] A travel control plan generating system (also
referred to simply as a "generating system" hereafter)
according to this embodiment is formed using hardware
of a microcomputer such as an ECU (Electronic Control
Unit) and software, and is installed in an automatically
driven and controlled vehicle A. As shown in Fig. 1, the
generating system 1 includes a peripheral vehicle rec-
ognition unit 12, a home vehicle state quantity estimation
unit 14, a peripheral vehicle behavior prediction unit (low-
er level plan obtaining means, inferring means) 16, a ve-
hicle group all-vehicle behavior prediction correction unit
18, a condition setting input unit 20, a travel control plan
generation unit (upper level plan generating means, low-
er level plan generating means) 22, an evaluation unit
(evaluating means) 24, a lower level plan selection unit
(lower level plan selecting means) 26, a transmission unit
28, and a reception unit (lower level plan obtaining
means, communicating means) 30,
[0018] The peripheral vehicle recognition unit 12 is
connected to a periphery sensor 32 that performs periph-
eral monitoring, such as a millimeter wave radar, an im-
age sensor, a laser radar, or an ultrasonic wave sensor.
The peripheral vehicle recognition unit 12 recognizes a
peripheral vehicle C (here, a non-communicative vehicle
C that is driven manually and does not have a commu-
nication function) existing on the periphery of the vehicle
A (also referred to as a home vehicle) on the basis of a
detection value (reflection information from a peripheral
object such as a vehicle, for example) from the periphery
sensor 32, and calculates peripheral vehicle information
such as a relative distance, a relative speed, and a rel-
ative angle from the home vehicle A.
[0019] The home vehicle state estimation unit 14 is
connected to a home vehicle sensor 34 that detects a
home vehicle’s state. Examples of the home vehicle sen-
sor 34 include a yaw rate sensor, a vehicle speed sensor,
an acceleration sensor, a steering angle sensor, a white
line detection sensor, and a GPS. On the basis of a de-
tection value from the home vehicle sensor 34, the home
vehicle state estimation unit 14 calculates a state esti-
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mated value (a yaw rate, a lateral position within a lane,
a lateral velocity, a yaw angle relative to a road shape,
a home vehicle position, and so on) of the vehicle A at a
corresponding point in time using a vehicle model incor-
porated into the software.
[0020] The peripheral vehicle behavior prediction unit
16 obtains the peripheral vehicle information calculated
by the peripheral vehicle recognition unit 12 and the state
estimation value of the vehicle A calculated by the home
vehicle state estimation unit 14. From the obtained infor-
mation, the peripheral vehicle behavior prediction unit 16
calculates a position information history of the vehicle A,
a relative position information history and a relative speed
of the peripheral vehicle C, and so on, and estimates the
position information history and current conditions
(speed, acceleration, yaw angle relative to the road align-
ment, and so on) of the peripheral vehicle C from this
information. Thus, the positional relationships of the pe-
ripheral vehicle C and the tendencies of the peripheral
vehicle C (driver preferences such as inter-vehicle dis-
tance, vehicle speed, acceleration, and willingness to
change lanes) can be estimated, The peripheral vehicle
behavior prediction unit 16 also obtains traveling road
information (lane number increases/decreases, conver-
gence, forks, shape, curbs, and so on) from a navigation
system, infrastructure facilities, and so on. Then, on the
basis of the position information history and current con-
ditions of the peripheral vehicle C and the road informa-
tion, the peripheral vehicle behavior prediction unit 16
tentatively predicts the future (for example, within approx-
imately several hundred meters) behavior (including a
travel course and a speed pattern) of the peripheral ve-
hicle C as a lower level plan of the peripheral vehicle C
from the tendencies of the peripheral vehicle C and in
accordance with a driver model generated in advance.
[0021] The reception unit 30 obtains a travel control
plan for another automatically driven vehicle B, which is
generated by the vehicle B, through inter-vehicle com-
munication using radio waves of 2.4GHz or the like. The
travel control plan includes a similar upper level plan, to
be described below, to that of the vehicle A, and a lower
level plan including a travel course and a speed pattern.
[0022] The vehicle group all-vehicle behavior predic-
tion correction unit 18 obtains the lower level plan of the
vehicle A, which is selected by the lower level plan se-
lection unit 26, and also obtains the lower level plan of
the vehicle B from the reception unit 30 and the behavior
prediction (lower level plan) of the vehicle C from the
peripheral vehicle behavior prediction unit 16. The vehi-
cle group all-vehicle behavior prediction correction unit
18 then corrects the lower level plans of the respective
vehicles such that mismatch points (when two vehicles
overlap or the like) are eliminated by overlapping the
plans on a temporal axis.
[0023] The condition setting input unit 20 receives in-
put of overall travel conditions to a destination specified
by the driver, for example the destination, desired travel
time, fuel efficiency precedence, rest plans, and so on.

[0024] The travel control plan generation unit 22 in-
cludes an upper level plan generation unit (upper level
plan generating means) 22a and a lower level plan gen-
eration unit (lower level plan generating means) 22b. The
upper level plan generation unit 22a dynamically gener-
ates a travel plan in units of several tens of km and several
tens of minutes extending between interchanges IC or
service areas/parking areas SAPA, taking into consider-
ation overall travel conditions, which are set in units of
several hundred km and several hours to the destination
specified by the driver, travel environment conditions
such as navigation information and infrastructure infor-
mation, and so on. The travel plan includes the travel
time, travel plan policies (rest frequency, fuel efficiency,
other vehicle precedence, and so on), vehicle group or-
ganization, and so on.
[0025] More specifically, a route search to the desti-
nation is performed, and a plurality of candidate routes
is selected. An optimum route satisfying traffic informa-
tion, the desired travel time, and the travel plan policies
is then selected. The entire route is then divided into units
of ICs or SAPAs, and a travel plan is determined for each
section. If necessary, a vehicle group organization policy
plan is also determined as a travel plan, In a vehicle group
organization policy plan, a plurality of automatically driv-
en vehicles are organized into a vehicle group such that
starts and stops can be performed en masse, thereby
reducing repeated unnecessary starts and stops during
travel through congestion, for example.
[0026] Further, the upper level plan generation unit 22a
dynamically generates an event transition plan in units
of several hundred meters and several tens of seconds
from each point in time on the basis of the travel plan
generated as described above, recognition of the periph-
eral conditions (based on the periphery sensor 32, infra-
structure monitoring information, etc.), and so on. The
event transition plan includes a lane change (a comple-
tion target point, a desired lane change time (degree of
urgency), a minimum allowable lane change time (during
emergency avoidance or the like), whether the lane
change is necessary or required for emergency avoid-
ance, the probability of returning to the original lane, and
so on), an upper limit speed modification (a new upper
limit speed, a completion target point, a desired acceler-
ation G, a desired deceleration G, a desired jerk, an al-
lowable jerk, whether or not the required speed has been
reached, and so on), an inter-vehicle distance, conver-
gence (a desired convergence point, a desired conver-
gence speed, a desired convergence operation time (de-
gree of urgency), and so on), diversion (similar to con-
vergence), organization of a rank, withdrawal from the
rank, and so on Note that the content of the parentheses
indicates relevant setting conditions when an instruction
is issued to the lower level plan generation unit 22b- For
example, when an instruction is issued to the vehicles
as a travel plan to cooperate with their surrounding ve-
hicles together with a congestion vehicle group control
instruction, an event transition such as a lane change or
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an upper limit speed modification is planned in order to
achieve the travel plan.
[0027] To realize the event transition plan generated
by the upper level plan generation unit 22a, the lower
level plan generation unit 22b dynamically generates a
lower level plan including a target travel course and a
target speed pattern in units of several centimeters and
several tens of milliseconds from each point in time over
several hundred meters on the basis of the road infor-
mation.
[0028] Referring to Fig. 2, the lower level plan gener-
ated by the lower level plan generation unit 22b in this
manner is used to realize the upper level event transition
plan generated by the upper level plan generation unit
22a, while the event transition plan is used to realize the
upper level travel plan. The travel plan corresponds to
the travel policies specified by the driver. Hence, travel
control plan generation is divided into multiple layers, i.e.
the upper level plan and the lower level plan, and the
upper level plan itself is divided into multiple layers, i.e.
the travel plan and the event transition plan. As the level
of the plan decreases, the time scale thereof becomes
smaller than that of the upper level plan. By dividing travel
control plan generation into multiple layers in this man-
ner, a request for reconsideration of the event transition
plan can be issued when a lower level plan cannot be
generated by the lower level plan generation unit 22b,
and as result, the upper level plan can be regenerated.
[0029] Note that in the travel control plan generation
unit 22, the corrected lower level plans of the vehicle B
and the vehicle A and the corrected behavior prediction
of the vehicle C are input from the vehicle group all-ve-
hicle behavior prediction correction unit 18, and the lower
level plan is generated on the basis of this input. At this
time, a travel plan and an event transition plan serving
as the upper level plans of the vehicle B may be obtained
by the travel control plan generation unit 22 from the ve-
hicle group all-vehicle behavior prediction correction unit
18, and the travel plan and event transition plan of the
home vehicle A may be generated on the basis of the
obtained plans.
[0030] The evaluation unit 24 evaluates each of a plu-
rality of tentatively generated lower level plans of the ve-
hicle A on the basis of a predetermined index (for exam-
ple, safety, comfort, environmental considerations
(based on fuel efficiency etc.), and so on), taking into
consideration the behavior prediction of the peripheral
vehicle C and the lower level plan of the automatically
driven vehicle B obtained from the vehicle group all-ve-
hicle behavior prediction correction unit 18. Safety can
be evaluated from the inter-vehicle distance, the steering
urgency, and so on. Comfort can be evaluated from a
maximum lateral G, an average lateral G, the yaw rate,
and so on, As regards environmental considerations, the
fuel efficiency can be evaluated from an anticipated fuel
consumption and consideration to other vehicles can be
evaluated from the other vehicle precedence. When the
evaluation performed by the evaluation unit 24 indicates

a problem such as an inability to ensure safety, the prob-
lem is corrected in the travel control plan generation unit
22, whereupon a new evaluation is performed by the eval-
uation unit 24. When the problem cannot be corrected,
a request to reconsider the event transition plan is issued,
whereby the upper level plan is regenerated.
[0031] In the evaluation performed by the evaluation
unit 24, the reliability of the lower level plans is taken into
account. For example, the lower level plan generated by
the automatically driven vehicle B and the lower level
plan inferred in relation to the manually driven vehicle C
differ in terms of reliability, and therefore the lower level
plans are evaluated taking the reliability thereof into ac-
count. More specifically, the reliability of the lower level
plan obtained from the prediction performed by the pe-
ripheral vehicle behavior prediction unit 16 is set to be
lower than the reliability of the lower level plan of the
automatically driven vehicle B obtained by the reception
unit 30. Hence, the inter-vehicle distance can be reduced
further in relation to the automatically driven vehicle B
than in relation to the manually driven vehicle A, selected
by the lower level plan selection unit 26, to the other au-
tomatically driven vehicle B through inter-vehicle com-
munication using radio waves of 2.4GHz or the like. At
this time, the upper level plan of the vehicle A may also
be transmitted.
[0032] Next, driving control of the automatically driven
vehicle A installed with the travel control plan generating
system 1 will be described. Here, as shown in Fig. 3, a
case in which the automatically driven vehicle A is sub-
jected to driving control in a traffic environment where
the manually driven vehicle C and the automatically driv-
en vehicle B exist as peripheral vehicles will be described.
[0033] First, the peripheral vehicle C existing on the
periphery of the home vehicle A is recognized in the pe-
ripheral vehicle recognition unit 12 on the basis of a de-
tection value from the periphery sensor 32, whereupon
peripheral vehicle information such as the relative dis-
tance, angle and speed to the home vehicle A is calcu-
lated. Then, on the basis of a detection value from the
home vehicle sensor 34, a state estimated value of the
home vehicle A (the home vehicle position, yaw rate,
lateral position within the lane, lateral velocity, yaw angle
relative to road shape, and so on) at the corresponding
point in time is calculated in the home vehicle state esti-
mation unit 14.
[0034] Next, the peripheral vehicle information calcu-
lated by the peripheral vehicle recognition unit 12 and
the state estimated value of the vehicle A calculated by
the home vehicle state estimation unit 14 are obtained
in the peripheral vehicle behavior prediction unit 16. The
position information history of the vehicle A, the relative
position information history and relative speed of the pe-
ripheral vehicle C, and vehicle C, for example.
[0035] On the basis of the evaluation results of the
evaluation unit 24, the lower level plan selection unit 26
selects the lower level plan having the best evaluation
from among a plurality of lower level plans as the travel
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control plan to be executed. For example, when safety
is emphasized, the lower level plan with which the highest
level of safety can be secured is selected as the travel
control plan to be executed. Note that in the case de-
scribed above, reliability is taken into account during the
evaluation performed by the evaluation unit 24, but reli-
ability may also be taken into account during the selection
made by the lower level plan selection unit 26. In other
words, an evaluation score output by the evaluation unit
24 may be multiplied by the reliability and thereby cor-
rected, and the selection may be made on the basis of
the corrected evaluation score.
[0036] On the basis of the selected lower level plan
(including the travel course and speed pattern), a driving
control unit 36 generates an instruction value in relation
to an actuator 38, taking into account the estimated value
of the home vehicle’s state, such that a position and a
speed at each point in time can be reproduced faithfully.
[0037] The actuator 38 is constituted by actuators of
an engine, a brake, an electric power steering, and so
on, and an ECU for controlling these actuators, and drive-
controls these components upon reception of a throttle
opening instruction value, a brake pressure instruction
value, a steering torque instruction value, and so on from
the driving control unit 36.
[0038] The transmission unit 28 transmits the lower
level plan of the so on are then calculated from the ob-
tained information, and from this information, the position
information history and current conditions (speed, accel-
eration, yaw angle relative to road shape, and so on) of
the peripheral vehicle C are estimated. Thus, the posi-
tional relationships and tendencies of the peripheral ve-
hicle C (driver preferences such as inter-vehicle distance,
vehicle speed, acceleration/deceleration, and willing-
ness to change lanes) can be estimated, The peripheral
vehicle behavior prediction unit 16 also obtains traveling
road information (lane number increases/decreases,
convergence, forks, shape, curbs, and so on) from the
navigation system, infrastructure facilities, and so on.
Then, on the basis of the position information history and
current conditions of the peripheral vehicle C and the
road information, the peripheral vehicle behavior predic-
tion unit 16 tentatively predicts the future (for example,
within approximately several hundred meters) behavior
(including the travel course and speed pattern) of the
peripheral vehicle C from the tendencies of the peripheral
vehicle C and in accordance with a driver model gener-
ated in advance. At this time, the behavior prediction of
the peripheral vehicle C is generated together with a re-
liability value. The reliability value is set at a predeter-
mined value, which is lower than the reliability of the lower
level plan of the automatically driven vehicle B.
[0039] Next, the vehicle group all-vehicle behavior pre-
diction correction unit 18 obtains the lower level plan of
the vehicle A selected by the lower level plan selection
unit 26, and also obtains the lower level plan of the vehicle
B from the reception unit 30 and the behavior prediction
of the vehicle C from the peripheral vehicle behavior pre-

diction unit 16. The vehicle group all-vehicle behavior
prediction correction unit 18 then corrects the lower level
plans of the respective vehicles such that mismatch
points (when two vehicles overlap or the like) are elimi-
nated by overlapping the plans on a temporal axis,
[0040] Thus, the lower level plans of the vehicles B
and C serving as peripheral vehicles can be obtained,
as shown in Fig. 4. Here, C’, C" denote the position of
the vehicle C at intervals of several tens of milliseconds,
for example (likewise in relation to the vehicle B).
[0041] Meanwhile, the condition setting input unit 20
receives input of the overall travel conditions to the des-
tination specified by the driver, for example the destina-
tion, desired travel time, fuel efficiency precedence, rest
plans, and so on,
[0042] Next, the upper level plan generation unit 22a
dynamically generates a travel plan in units of several
tens of km and several tens of minutes extending be-
tween interchanges IC or service areas/parking areas
SAPA, taking into consideration the overall travel condi-
tions, which are set in units of several hundred km and
several hours to the destination specified by the driver,
travel environment conditions such as the navigation in-
formation and infrastructure information, and so on,
[0043] More specifically, a route search to the desti-
nation is performed, and a plurality of candidate routes
is selected. An optimum route satisfying the traffic infor-
mation, the desired travel time, and the travel plan poli-
cies is then selected. The entire route is then divided into
units of ICs or SAPAs, and a travel plan is determined
for each section. If necessary, a vehicle group organiza-
tion policy plan is also determined as a travel plan.
[0044] Further, the upper level plan generation unit 22a
dynamically generates an event transition plan in units
of several hundred meters and several tens of seconds
from each point in time on the basis of the travel plan
generated as described above, recognition of the periph-
eral conditions, and so on.
[0045] Next, in order to realize the event transition plan
generated by the upper level plan generation unit 22a,
the lower level plan generation unit 22b dynamically gen-
erates a lower level plan including a target travel course
and a target speed pattern in units of several centimeters
and several tens of milliseconds from each point in time
over several hundred meters on the basis of the road
information. At this time, a plurality of lower level plans
may be generated using an identical course generation
method, or the plurality of lower level plans may be gen-
erated using various course generation methods. Fur-
thermore, when the corresponding event transition is not
necessary, a plurality of lower level plans may be gen-
erated for each of a case in which the event is performed
and a case in which the event is not performed.
[0046] When the lower level plan cannot be generated
by the lower level plan generation unit 22b, a request for
reconsideration of the event transition plan is issued, and
as a result, the upper level plan is regenerated. A lower
level plan for realizing the new upper level plan is then
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generated.
[0047] More specifically, as shown in Fig. 5, when a
lane change is planned as the upper level plan, for ex-
ample, first, a determination is made in the lower level
plan generation unit 22b as to whether or not emergency
avoidance is required (step S401). When emergency
avoidance is required, emergency avoidance setting,
such as permitting sudden steering, is performed, where-
upon the procedure advances to a step 5403. When
emergency avoidance is not required, on the other hand,
a determination is made as to whether or not the number
of lanes is about to decrease (step S404). When the
number of lanes is about to decrease, setting indicating
that the original lane cannot be returned to through nor-
mal steering is performed (step 5405), whereupon the
procedure advances to the step S403. When the number
of lanes is not about to decrease, on the other hand,
setting indicating that the original lane can be returned
to through firot-half gentle steering is performed (step
S406), whereupon the procedure advances to the step
5403.
[0048] In the step 5403, a completion target point of
the lane change is set, and in a following step 5407, a
time required to perform the lane change is set. On the
basis of the set information, a lane change course is then
tentatively generated (step S408). Next, a determination
is made as to whether or not sufficient time is available
to perform the lane change (step 5409). When sufficient
time is available, the procedure advances to a step 5410.
When sufficient time is not available, on the other hand,
a determination is made as to whether or not the available
time is a minimum allowable time (step 5411). When the
available time is not the minimum allowable time and
some leeway exists, the time required to perform the lane
change is shortened (step 5412), whereupon the proce-
dure returns to the step 5408. When the available time
is the minimum allowable time, on the other hand, a de-
termination is made in a step S413 as to whether or not
the lane change is necessary, and when the lane change
is necessary, the procedure advances to the step S410.
When the lane change is not necessary, a determination
is made in a step S414 to cancel the lane change, where-
upon the procedure advances to the step 5410. In the
step 5410, the determined content is transmitted to an
upper order layer. Accordingly, a determination to per-
form the lane change along the course generated when
the available time is sufficient, a determination to perform
the lane change along the course generated when the
available time is insufficient but corresponds to the min-
imum allowable time and the lane change is necessary,
or a determination to cancel the lane change when the
available time is insufficient and corresponds to the min-
imum allowable time and the lane change is not neces-
sary, is transmitted to the upper order layer. When the
lane change is canceled, a new event transition plan not
including a lane change is generated, and a lower level
plan for realizing the new event transition plan is gener-
ated.

[0049] Next, the evaluation unit 24 evaluates each of
the plurality of tentatively generated lower level plans of
the vehicle A on the basis of the predetermined index
(for example, safety, comfort, environmental considera-
tions (based on fuel efficiency etc.), and so on), taking
into consideration the behavior prediction of the periph-
eral vehicle C and the lower level plan of the automatically
driven vehicle B obtained from the vehicle group all-ve-
hicle behavior prediction correction unit 18. When the
evaluation performed by the evaluation unit 24 indicates
a problem such as an inability to ensure safety, the prob-
lem is corrected in the travel control plan generation unit
22, whereupon a new evaluation is performed by the eval-
uation unit 24. When the problem cannot be corrected,
a request to reconsider the event transition plan is issued,
whereby the upper level plan is regenerated.
[0050] In the evaluation performed by the evaluation
unit 24, the reliability of the lower level plans is taken into
account. For example, the lower level plan generated by
the automatically driven vehicle B and the lower level
plan inferred in relation to the manually driven vehicle C
differ in reliability, and therefore the lower level plans are
evaluated taking the reliability thereof into account. More
specifically, the reliability of the lower level plan obtained
from the prediction performed by the peripheral vehicle
behavior prediction unit 16 is set to be lower than the
reliability of the lower level plan of the automatically driv-
en vehicle B obtained by the reception unit 30. Thus, the
inter-vehicle distance can be reduced further in relation
to the automatically driven vehicle B than in relation to
the manually driven vehicle C, for example.
[0051] On the basis of the evaluation results of the
evaluation unit 24, the lower level plan selection unit 26
selects the lower level plan having the best evaluation
from among the plurality of lower level plans as the travel
control plan to be executed. For example, when safety
is emphasized, the lower level plan with which the highest
level of safety can be secured is selected as the travel
control plan to be executed.
[0052] Fig. 6 is a view illustrating evaluation and se-
lection of the lower level plan of the vehicle A, As shown
in Fig. 6, it is assumed that a lane change is planned as
the upper level plan, and that a route I and a route II have
been generated as the lower level plans. At this time, the
reliability of the lower level plan of the automatically driv-
en vehicle B is higher than the reliability of the lower level
plan of the manually driven vehicle C, and therefore the
route II is evaluated as having a higher level of safety.
Hence, when safety is to be emphasized, the lower level
plan selection unit 26 selects the route II having the higher
level of safety as the lower level plan of the vehicle A.
[0053] Next, on the basis of the selected lower level
plan (including the travel course and speed pattern), the
driving control unit 36 generates an instruction value in
relation to the actuator 38, taking into account the esti-
mated value of the home vehicle state of quantity, such
that the position and speed at each point in time can be
reproduced faithfully,
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[0054] The actuator 38 then drive-controls the engine,
the brake, the steering, and so on upon reception of a
throttle opening instruction value, a brake pressure in-
struction value, a steering torque instruction value, and
so on from the driving control unit 36, whereby the vehicle
A is subjected to automatic driving control.
[0055] Meanwhile, the transmission unit 28 transmits
the lower level plan of the vehicle A, selected by the lower
level plan selection unit 26, to the other automatically
driven vehicle B. At this time, the upper level plan of the
vehicle A may also be transmitted.
[0056] Hence, in the travel control plan generating sys-
tem 1 according to this embodiment, an upper level plan
corresponding to the travel policy of the vehicle A can be
generated, and a lower level plan for realizing the upper
level plan can be generated. As the level of the plan de-
creases, the time scale thereof becomes smaller than
that of the upper level plan. The lower level plan includes
at least a travel course, and the lower level plan of the
vehicle A is evaluated in consideration of the lower level
plans of the peripheral vehicles B, C. A lower level plan
to be executed can then be selected in accordance with
the evaluation. By stratifying the travel control plan into
an upper level plan and a lower level plan in this manner,
variation in the conditions of the peripheral environment
can be responded to flexibly by means of the lower level
plan while satisfying the travel policy by means of the
upper level plan. Furthermore, the lower level plan can
be selected on the basis of an evaluation performed in
accordance with a predetermined index (for example,
safety, comfort, environmental considerations (based on
fuel efficiency etc.), and so on), and therefore the vehicle
A can be controlled on the basis of an appropriate plan
corresponding to conditions specified by the driver. In
other words, by evaluating and selecting lower level plans
that have been broken down into a smaller time scale
than the upper level plan, realization of the upper level
plan and a flexible response to the peripheral environ-
ment can both be realized favorably.
[0057] In other words, in the vehicle control according
to this embodiment, in contrast to IMTS (Intelligent Mul-
timode Transit System, reserved road travel), a single
plan is not shared by a plurality of vehicles. On a reserved
road, the travel road is fixed, and therefore an optimum
plan can be generated by adjusting all of the plans in
advance. On a normal road, however, the travel road is
used for a wide range of purposes, peripheral vehicles
are unknown, and each vehicle travels in accordance
with its own plan. Therefore, a plan that takes into con-
sideration the plans of the peripheral vehicles must be
devised to ensure that the vehicles operate harmonious-
ly, and since it is substantially impossible to travel in ac-
cordance with a preset optimum plan, the plan must be
adjusted dynamically in accordance with the peripheral
vehicles. In this embodiment, travel control plan gener-
ation is performed in a multi-layer fashion, and therefore
a lower level plan can be generated flexibly in accordance
with the peripheral vehicles while realizing the absolute

upper level plan. Hence, optimum vehicle control can be
performed.
[0058] Further, a plurality of lower level plans is gen-
erated in relation to the vehicle A, and on the basis of the
evaluation performed by the evaluation unit 24, a lower
level plan to be executed is selected from the plurality of
lower level plans Therefore, the vehicle A can be con-
trolled on the basis of an appropriate plan corresponding
to the conditions specified by the driver.
[0059] Further, when a lower level plan cannot be gen-
erated, the upper level plan is regenerated, or the upper
level plan is regenerated in accordance with the evalua-
tion performed by the evaluation unit 24, and therefore
the upper level plan can be reconsidered when a lower
level plan cannot be generated or the predetermined in-
dex specified by the driver cannot be satisfied sufficiently.
[0060] Further, the peripheral vehicle behavior predic-
tion unit 16 infers the lower level plan of the peripheral
vehicle on the basis of the behavior of the peripheral ve-
hicle, and therefore, a lower level plan can be obtained
in relation to a peripheral vehicle that does not include
communication means or the peripheral vehicle (for ex-
ample, a manually driven vehicle) C that does not have
a travel control plan. Furthermore, the lower level plan
of the peripheral vehicle can be obtained by the reception
unit 30. and therefore the-lower level plan of the auto-
matically driven vehicle B, which is a peripheral vehicle
having a travel control plan, and the lower level plan of
a peripheral vehicle of the automatically driven vehicle
B, which is inferred in the automatically driven vehicle B,
can be obtained through communication. Hence, in a traf-
fic environment where manually driven vehicles and au-
tomatically driven vehicles coexist, the vehicle A can be
subjected to travel control on the basis of a more appro-
priate plan.
[0061] Further, the evaluation unit 24 evaluates the
lower level plan of the vehicle A taking into consideration
the reliability of the lower level plans of the peripheral
vehicles. Here, a lower level plan is generated by the
automatically driven vehicle B and inferred in relation to
the manually driven vehicle C, and therefore the reliability
levels of the respective lower level plans of the peripheral
vehicles are different. Therefore, by taking the reliability
into account while evaluating the lower level plan of the
vehicle A, the vehicle A can be subjected to travel control
on the basis of a more appropriate plan.
[0062] Further, the reliability of the lower level plan ob-
tained from the prediction made by the peripheral vehicle
behavior prediction unit 16 is lower than the reliability of
the lower level plan of the automatically driven vehicle B
obtained by the communication unit 30, and therefore,
by performing the evaluation on the basis of the reliability,
the vehicle A can be subjected to travel control on the
basis of a more appropriate plan in a traffic environment
where the manually driven vehicle C and the automati-
cally driven vehicle B coexist.
[0063] Furthermore, the lower level plan includes a
speed pattern in addition to the travel course of the ve-
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hicle A, and therefore longitudinal direction control cor-
responding to the speed pattern can be set as a control
target in addition to lateral direction control correspond-
ing to the travel course.
[0064] Note that the present invention is not limited to
the embodiment described above, and may be subjected
to various modifications. For example, in the embodiment
described above, a traffic environment in which the au-
tomatically driven vehicle B and the manually driven non-
communicative vehicle C coexist as the peripheral vehi-
cles of the automatically driven vehicle A was described,
but other automatically driven vehicles and manually driv-
en non-communicative vehicles may also exist.
[0065] Further, as shown in Fig, 7, a vehicle D that is
manually driven but capable of communication may exist
as a peripheral vehicle. As shown in Fig. 7, the vehicle
D includes a driving support control apparatus 100. The
driving support control apparatus 100 includes a behavior
prediction unit 116, a behavior suggestion unit 118, a
display unit 120, an ACC/LKA correction unit 122, a re-
ception unit 130, and a transmission unit 132.
[0066] The reception unit 130 receives the lower level
plans of the vehicles A, B and the behavior prediction for
the vehicle C, which is predicted in the vehicle A. The
behavior prediction unit 116 predicts the behavior of the
vehicle D from vehicle-installed sensor information relat-
ing to a vehicle speed sensor, an accelerator pedal sen-
sor, a brake sensor, a steering angle sensor, and so on
of the vehicle D, the behavior prediction result generated
by the vehicle A in relation to the vehicle C, which is
obtained via the reception unit 130, and the lower level
plans of the vehicles A, B. At this time, the reliability of
the behavior prediction (lower level plan) of the vehicle
D is set for use during lower level plan generation in the
travel control plan generation unit 22 of the vehicle A.
The reliability of the manually driven communicative ve-
hicle D is set to be higher than the reliability of the man-
ually driven non-communicative vehicle C and lower than
the reliability of the automatically driven vehicle B,
[0067] The transmission unit 132 transmits the behav-
ior prediction (lower level plan) of the vehicle D to the
vehicle A. When the display unit 120 or a driving support
apparatus such as an ACC (adaptive cruise control) ap-
paratus or an LKA (lane keep assist) apparatus exists in
the non-automatically driven vehicle D, the behavior sug-
gestion unit 118 generates a preferable behavior for the
driver or the driving support apparatus. The display unit
120 displays the preferable driving method as a sugges-
tion to the driver performing manual driving. The
ACC/LKA correction unit 122 generates a target speed
correction and a steering assist torque corresponding to
the ACC/LKA. driving support apparatus or the like in
accordance with the preferred driving method.
[0068] Hence, when the communicative manually driv-
en vehicle D exists, the behavior of the peripheral vehicle
D, which may affect the home vehicle A, can be predicted
with a high degree of precision through cooperation with
the peripheral vehicle D, and therefore an appropriate

travel control plan can be generated for the automatically
driven vehicle A in a traffic environment where automat-
ically driven vehicles and manually driven vehicles coex-
ist. Moreover, suggestions for preferred driving directions
and driving support can be issued to the vehicle D.
[0069] Further, a traffic environment in which the au-
tomatically driven vehicle B and the manually driven non-
communicative vehicle C coexist as the peripheral vehi-
cles of the automatically driven vehicle A and a traffic
environment in which the manually driven communica-
tive vehicle D exists were described in the above embod-
iment, but an optimum lower level plan can also be gen-
erated for all vehicles in a case where convergence is
considered within an environment where a plurality of
automatically driven vehicles α, β, γ coexist, as shown in
Fig. 8. More specifically, as shown in Fig. 8(a), when a
lower level plan according to which a vehicle α performs
a lane change while a vehicle β travels at a constant
speed is generated, the lower level plan is shared among
the vehicles α, β, γ such that first, a safest lower level
plan is generated for a convergence vehicle γ in relation
to the main road vehicles α, β, as shown in Fig. 8(b), and
on the basis thereof, the vehicle β is decelerated, the
lane change to be performed by the vehicle α is canceled,
and so on, as shown in Fig. 8(c). Thus, optimum overall
vehicle control can be performed. In this case, the be-
havior of a manually driven vehicle can be predicted when
such a vehicle is present, and therefore optimum vehicle
control can still be performed.
[0070] Furthermore, in the above embodiment, a case
in which the travel control plan generating system 1 is
installed in the automatically driven vehicle A was de-
scribed, but the system 1 may be provided on the infra-
structure facility side.

INDUSTRIAL APPLICABILITY

[0071] According to the present invention, a travel con-
trol plan generating system and a computer program ca-
pable of responding flexibly to variation in the conditions
of a peripheral environment while satisfying a travel pol-
icy of a home vehicle can be provided.

Claims

1. A travel control plan generating system, comprising:

upper level plan generating means for generat-
ing an upper level plan corresponding to a travel
policy of a vehicle;
lower level plan generating means for generat-
ing a lower level plan, which is a plan for achiev-
ing said upper level plan and includes at least a
travel course;
lower level plan obtaining means for obtaining
a lower level plan including at least a travel
course of a peripheral vehicle of said vehicle;
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evaluating means for evaluating said lower level
plan of said vehicle in accordance with a prede-
termined index, taking into account said lower
level plan of said peripheral vehicle; and
lower level plan selecting means for selecting a
lower level plan to be executed by said vehicle
on the basis of an evaluation performed by said
evaluating means.

2. The travel control plan generating system according
to claim 1, wherein said lower level plan generating
means generates a plurality of lower level plans for
said vehicle, and
said lower level plan selecting means selects said
lower level plan to be executed from said plurality of
lower level plans on the basis of said evaluation per-
formed by said evaluating means.

3. The travel control plan generating system according
to claim 1 or 2, wherein said upper level plan gener-
ating means regenerates said upper level plan when
said lower level plan cannot be generated.

4. The travel control plan generating system according
to claim 1 or 2, wherein said upper level plan gener-
ating means regenerates said upper level plan in ac-
cordance with said evaluation performed by said
evaluating means.

5. The travel control plan generating system according
to any of claims 1 to 4, wherein said lower level plan
generating means includes inferring means for infer-
ring said lower level plan of said peripheral, vehicle
on the basis of a behavior of said peripheral vehicle,
and
said lower level plan of said peripheral vehicle is ob-
tained from an inference by said inferring means.

6. The travel control plan generating system according
to -claim 5, wherein said lower level plan obtaining
means includes communicating means for commu-
nicating with said peripheral vehicle, and
said lower level plan of said peripheral vehicle is ob-
tained through communication performed by said
communicating means.

7. The travel control plan generating system according
to claim 6, wherein said evaluating means evaluates
said lower level plan of said vehicle taking into ac-
count a reliability of said lower level plan of said pe-
ripheral vehicle.

8. The travel control plan generating system according
to claim 7, wherein a reliability of a lower level plan
obtained from said inferring means is lower than a
reliability of a lower level plan of an automatically
driven vehicle obtained from said communicating
means.

9. The travel control plan generating system according
to any of claims 1 to 8, wherein said lower level plan
includes a speed pattern of said vehicle.

10. A computer program for causing a computer to ex-
ecute:

an upper level plan generating step for generat-
ing an upper level plan corresponding to a travel
policy of a vehicle;
a lower level plan generating step for generating
a lower level plan, which is a plan for achieving
said upper level plan and includes at least a trav-
el course;
a lower level plan obtaining step for obtaining a
lower level plan including at least a travel course
of a peripheral vehicle of said vehicle;
an evaluating step for evaluating said lower level
plan of said vehicle in accordance with a prede-
termined index, taking into account said lower
level plan of said peripheral vehicle; and
a lower level plan selecting step for selecting a
lower level plan to be executed by said vehicle
on the basis of an evaluation performed in said
evaluating step,
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